Cortisone has a retarding effect on atherogenesis in cholesterol-fed rabbits, despite higher plasma cholesterol levels. This effect of cortisone is prevented by administration of hyaluronidase. The latter intensifies atherosclerosis and deposition of cholesterol in the liver. P REVIOUS studies performed in this laboratory 1 ' 3 and by others 4 ' 6 revealed that the combination of cholesterol feeding with daily injections of cortisone and hydrocortisone in the rabbit produced extreme elevations of all plasma lipid fractions. Deposition of cholesterol in the aorta (atherogenesis) and in other tissues was, nevertheless, definitely depressed by administration of corticosteroids. Our studies suggested that corticosteroids diminished tissue permeability and thus retarded atherogenesis. In contrast, Seifter et al."
P REVIOUS studies performed in this laboratory 1 ' 3 and by others 4 ' 6 revealed that the combination of cholesterol feeding with daily injections of cortisone and hydrocortisone in the rabbit produced extreme elevations of all plasma lipid fractions. Deposition of cholesterol in the aorta (atherogenesis) and in other tissues was, nevertheless, definitely depressed by administration of corticosteroids. Our studies suggested that corticosteroids diminished tissue permeability and thus retarded atherogenesis. In contrast, Seifter et al."
1 s noted enhancement of atherogenesis in cholesterol-fed rabbits injected with hyaluronidase, and attributed this effect to increased tissue permeability.
This study deals with the effects of hyaluronidase and cortisone and a combination of the two on plasma lipid levels, on atherogenesis and on cholesterol deposition in the liver in the cholesterol-fed rabbit.
MATERIAL AND METHODS
Forty-one male chinchilla rabbits (3-6 months old; body weight 2.5-3.0 kg) were fed rabbit chow (Purina) supplemented with cholesterol for the eight weeks of the experiment. Intake of cholesterol amounted to approximately 1 gm. per animal per day. After four weeks of cholesterol feeding the animals were divided into four groups. Animals of group A continued to receive cholesterol alone; those All animals were sacrificed at the end of eight weeks by lethal doses of Nembutal. The degree of atherosclerosis in the aorta and the pulmonary arteries was graded visually following gross inspection of the lesions and comparison of drawings of the specimens at autopsy. The grading was expressed as 1-3 plus, and was based on both the extent and the thickness of the lesions. A portion of the liver of some of the animals was analyzed for total and esterified cholesterol; phospholipids and total lipids were measured by methods employed for the determination of plasma lipids.
RESULTS
After four weeks of cholesterol feeding, there were marked elevations of total and esterified cholesterol, phospholipids and total lipids in the plasma of the animals (table 1). Continuation of cholesterol feeding alone for a total of six and eight weeks (group A) produced slight additional elevations of all plasma lipid fractions. Cortisone injections and dietary cholesterol supplements resulted in marked additional elevations of all plasma lipid fractions (group B). The combination of cortisone and hyalu-294 WAXG, SCHAEFER AXD ADLERSBERG ronidasc with cholesterol supplements (group C) resulted in additional elevations of the plasma lipid fractions on a somewhat lower level than those of group B. Hyaluronidase alone combined with cholesterol supplements (group D) produced no significant changes in plasma lipid fractions when compared with those seen in group A. There were differences in the extent of atherosclerosis in the various experimental groups (table 2). After eight weeks of cholesterol feeding alone (group A), there were well defined atheromatous plaques over the ascending part and the arch of the aorta, and sometimes over the thoracic and abdominal aorta. Many plaques were seen in the pulmonary arteries, and there was thickening of the aortic and mitral valves. In the cortisone treated animals (group B) the atheromatous lesions in the aorta were fewer, less extensive and thinner. This difference was also seen in the pulmonary arteries and in the valves of the heart. In animals injected with both hyaluronidase and cortisone (group C), the lesions were at least as extensive as those of group A and much more extensive than those of group B. Two interesting pathological features were seen in group C. One consisted of calcified lesions observed in three animals; these were deep, thick plaques in the aorta which could even be seen from the adventitial surface. Microscopically, they contained large quantities of calcium in the intima and the inner portion of the media. The second type, seen in two animals, consisted of crust-like calcined plaques limited to the intima in the thoracic and abdominal aorta. The latter lesion may represent a milder degree of the first type. Animals treated with hyaluronidase only (group D) showed more extensive atherosclerosis than those of group A. Calcification was seen only in animals of group C.
Data summarizing the concentrations of cholesterol, phospholipids and total lipids in the livers of the various experimental groups are shown in table 3. The figures may be compared with the analyses of livers of normal rabbits fed purina chow without cholesterol supplements (first row, table 3). After eight weeks of cholesterol feeding (group A) there was a marked increase of cholesterol concentration in the liver, especially in the esterified fraction. Cortisone injections in cholesterol fed rabbits (group B) further increased the elevations of liver cholesterol. The livers of the animals which were treated with hyaluronidase (group D) contained the highest concentrations of cholesterol among the four groups. Concentration of liver cholesterol in the animals of group C (cortisone and hyaluroni- 
Drscussrox
It is well established that concentrations of plasma cholesterol and duration of hypercholesteremia are the two main determining factors in the development of experimental atherosclerosis. The observation that cholesterol-fed rabbits treated with cortisone or hydrocortisone exhibited, despite higher plasma cholesterol levels, less atherosclerosis than rabbits fed similar amounts of cholesterol alone, suggests that factors other than thoss of hypercholesteremia and its duration exert influence on atherogenesis. Such factors as phospholipid: cholesterol ratio, concentration of "giant" lipoprotein molecules and concentration of neutral fat and chylomicrons in the plasma have been thought to be additional factors. Our observations indicate that tissue permeability might also play an important role in atherogenesis. ' Benditt et al. 10 demonstrated that corticosteroids inhibited the effect of hyaluronidase on capillary permeability in rats. Seifter efc al. 6 observed intensified atherogenesis despite less hypercholesteremia in cholesterol-fed rabbits injected with hyaluronidase. Our study shows the effect of cortisone to be the reverse of that of hyaluronidase. This is illustrated by the levels of plasma lipids, by the degree of atherosclerosis and by the lipid concentrations of the liver in the various experimental groups. These observations shed new light on the role of the ground substance in the genesis of atherosclerosis, a concept developed many years ago by Virchow and recently stressed by Klemperer."
SUMMARY
The study was concerned with the role of tissue permeability in atherogenesis. Cortisone and/or hyaluronidase were administered to cholesterol-fed rabbits. Cortisone enhanced hypercholesteremia but had a retarding effect upon the development of atherosclerosis. The retardation of atherogenesis produced by cortisone was prevented by the simultaneous use of hyaluronidase. Hyaluronidase intensified atherosclerosis and deposition of cholesterol in the tissues. These studies reaffirm the importance of the ground substance in atherogenesis.
